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ABSTRACT

An experimental investigation is made of the field configuration existing in
aperturs r;diators ¢f rectangular skape cut in the brosd side »f a standard 1" by
0.5" X~band waveguide, All apertures havc vne dimension equal to & half free
spacé wavelength; the other dimension varies from & half wavelength to two wave-
lengths. Both far zone measurements and pfobe measurements in the anerture are
limjted to amplitude readings., An attempt is made to correlate the distribution
in the neighborhood of the aperture determined by means of a probe with the aper-
ture field configuration obtained from synthesis of the far zone patterns. = Two
different hypotheses arc zssumsd:

(1) In accordance with wnat has been established for apertures whoss

' lengths,in terms of wavelengih, arevecry large, eath component of
the electric field distribution in the aperture may be described
by a single traveling wave mode (plus a reflected wave) character-
ized by a complex prcpagation consﬁant.

(2) The slot field distribution may be described in torms of'a Pinits

nuxnber of staniing wave meodes,

The standing wave mode hypothesis is shown to be the most reliable. Best
results are otbtained for the tungential component of the electric vector which
is transverse to the léng axis of the aperturs. Spurious radlation at the
edges, with polarizatior parallel to the long axis of the aperture introduces

errcrs which make correlation betiveen the measured 3ongitudinal component and

the simple theoret:cal mode configurations very poor,

1
|
“"z |
|




Abstract.otoooooo.o..cooa.oe.‘

CONTINTS

Fage

H 30 06CEO OG0 SEP L0000 S 000000007 00600000000 0060000 ii

I?“18tr3tion80000000woo.ooo.ooooo.ooo.oo.oooooooootoo;obnso.oaoowoooo.oiooooooc-a iV

-
L

Vo

Introduction.o.o.ooooooooooooooooooos--.ooooo))O:ooooooouoo.ooooooocoo.

H

Diffraction Fatterns and Aperture DistributionSeccecersecces.ccsscsenee
; P

w

Experimental Procedure.o.oooaosoooooooooooooo.euooo.o.oooooooo.ooooo-o.'

0

Rewlts and DismssiCn.........................‘.J.......a;’....-‘....’. 13
H' Polarization.iiiioob..:...............................l......:‘a 13
J

Table I -~ Standing Wave DistributionS...ececececececscesscassccscene 15

Ex Polariza%ionooeieo--o.uoooOo.»oooooooooooo.ooooooo-ooa.a:::;vau 18

Ccnczusion..ooooooooouoccooooooo.oooooooc-oooooou-oc--aa:oooooooooououo 21

Appendixeéw'ooosoooocc:s..ooouuuoooooc.-ooo-ocu-coooo-ooooo.cuoooooooouooooocaaoo 39

RefelenceSQOOOcooueoosooooo.ouooouucoaaooooo-o.ooucooocosoocqoooo-ooooooo-oooooo. hl

Ko

A



NP

e

JLLUSTRATIONS

1. Spherical and Rectangular Coordinate Systems . « « « o ¢ o o » o

‘2, Systems of Coorcinates to-Obtain Ey( W D a0 10 e @) @ e @

3.Pr(‘.)bingkppar&tus..-,.........-...........

- iV -

ot/
»
o

E v o

L.



Y. Introduciicn

An aperture in tne will of a waveguide which perturbs the current Aistribution
existing oﬁer the wall of the éuide.for a given waveguide mode effects electro-
magretic coupling betwesan ths interior and the outside and serves as a radiating
element for that waveguide mcde, Slotsaraz;speciai cagse. of aperture raliators
whose lengih is large compsred o 4he width. . Thé properties of slot radiators
whose lengthssre comparuble with the wavelength or very much greater than the wave-
length have been investigated in considerable detail and such elements have found
wideépread applications, Reviews of the extensi#e work done in this field ddring
the war are given in the books by‘Watson(l) and Silver(z).

The radiation characteristics of the aperture are determined by the field
configuration in thé aperture itself, 1In the case of siots this configuration
ig relatively simple., The electromagnetic Babinet principle(g) has proved to be
very useful in this connection and the properties of slots have heen well coordi-
naved with those c¢f wirs antennas, A wlder variety of field coufigurations can
be generazted in rectangular apertures whose width is comparable with the length
and correspondingly a wider variety of radiation patterns can be obtained, Such
radiating elements may be useful either singly or in cambinations té produce re-—
quired complai bezm patterns,

The followir.gz discussion pertains to rectangular apertures cut in the broad
face of a standard 1" x 0.5" waveguide supporting the TE;y-mode. The aperture
in each case is symmetrical with respect to the axic of the waveguide as shown ) )33
in Figure 1 (Section IT). The aperture dimension b, transverse to the waveguide
axis, 1s a half free space wavelength in each case. ‘ihe object of thiy study
i3 to deteriiine now the excitation in the aperture depends on the dimension é,

along the axis of the guide,




gili

=
a

The region between the narrow slot (a = A/8) and the long slot (a >> )) has

(4)

yet to be im.restigated.. It has been estabiished that the field configuration

- in the leng slot (in the region of about 7 wavelengths and longer) may be described

by a single traveling wave mode ciaaractgrized by a complex propagation constant;
assuming the slotted iraveguide dimensions 1imit propagation to a single mode,

Th= question arises a5 to just how small the dimension & can be while the
ap;arture yet supports the characteristic traveling wave of the long slot.

In the other extrems of ths narrow slot, ths aperture field is constant in
amplitude and phase in the dirsction of the waveguide axis. .Up %o the value a
-7\/&, this constant dis‘r.ribufién in the longitudinal directicn is still a good -
approximation, At a valus a = '\'/'2 , the far zone pattern exhibits an acymmetry
which indicates a phase variation across the aperture in the longitudinal direc--
tion, In addition, the aperture commences to suprort a transverse pola:‘iza‘t.ion.
As the dimension 2 is iacreased i\x;ther, patterns for both polarizations take cn
a constantly increasing directivity.

It has been shovm(5 ) that 2 go. 1 approxination to th,e far zone pattern of a
square aperture, edge length equa.i to a half—waveléngth, can be obtained by as-
s@ng the.aperture. to be supporting tw> modes of excitation: a constant mode
E, and a half sine mode. If this is a valid hypothesis, it is then £o be ex-
pected that as 2 13 increased, higher order modes will bs suppcrted Ly the

aperture, The increase of phase variation across the aperture with an increas-

ing nuxber of standing wave modes could well account for the increasing rattern

A
N 15
directivity.
However, from the traveling wave mode point of view, this increasing direc- °
tiviyy can also be accounted for. That the phase constant be a function of the
longitudinal dimension is not a satisfactory hypothesis to make, The most likely
-2 -
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expianation is that the incres=zs of pattern diractivity with an increase of length

is duc to the decrease of energy remaining in the traveling wove relflected from

the e1d of the aperture, 1In ather.words, for the shorter aportures and where the

traveling wave has a low attenuation congtant.,, the positively traveling wave plus

the reflected wave add up to give a net field distribution which constitutes a
single standing wave type of mode. The small net phase'variation clouds the
larger phase variation of the positively traveliné wave,

Consaqpentl& 3t was considered advis.ble to attempt to arrive at the slot

field configuration by utilizing two different hypotheses:

(1) The slot field distribution for each E field polarization msy be
described by a single traveling wave mods characterized by a com-
plex propagation constant. _

(2) The slot field distribution imay be described in terms of a finite
number of unsttenuatsd standing wave modes;* the number of modes
being dependent to some degree on the dimensions ¢f the slot with
respect to free apace wavelength,

Probe measuremants in apertures of the small dimensions to be investigated

may be of questionable value when considered alone, However, when considered in

conjunction with ths slot field distribution obtained by synthesis of the fax

zotie patterns, the probed distribution can be expected to be of some use despite

the large error. As this project iz not meant to be an exhaustive study of the
problem, measuirements in the aperture and in the far zone are limited to ampli--
tude measurementa; thus simplifying the experimentétion and allcewing a greater

region of zperture dimensions to be investigated in the time available, Fhase

# In generai a Fourier representation of the field involves an infir

nunber of modes; it is assumed that all but a certain finite mumber make a
negligible centribution to the proprerties of the aperture.
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measurements to assure uniquenass will be left to a more extensive study of the

excitation of aperturs radiators in waveguides,
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II, Diffraction Faitern and Aperture Distribution

The system of coordinates relatinz the aperture fleld to the far zone field

i1s showr in Figure 1,

rorture Distributicn:

The waveguide is supporting the TEy; mode and is assumsd to be terminated in

its own characteristic impedance. By hypothesis (1), the aperture distribution

may be described by & single traveling wave mode of the form:

S

Ex (x,y) = f,{xig, (y) ={g " + T, ¢80 e*”"‘):cosﬂg_ (1)
.3 = X . ? : 7
Eyizy) = fz(ngz(y) (¢ '2" +P2e82° e”"2 )= sin Ty {2)
b
where ¥ = o+ S B = phass constant

ol = attenuation constant

r refiecticon coefficient of the and of the slot

]

The simplifying assumption is made that the end of the slot behaves as an

1des

eal short circuit to the energy remaining in the traveling wave slot modej; thus:
F, =+, I, =~

Since fz(x) must be zero at x = * a/2, equation (2) does not hold for
X = -1/2,

at x clore to -a/2 is to be expected, For integration purposes this drop of

field intensity is assumed to be infinitely sharp, allowing integration over the
full slot length,

The simple type of y dependence assumed for gl(y) is based on the consid-

erations that it satisfiee the boundary conditions at y = + a/Z and that the

aperture is resomnant to this mode since the dimensiosn in the y-direction is )‘/2.

A1l higher order sinuscids are expected to have much smaller amplitudes,
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If the slot region is thought of in tcrme of
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supporting the TE type of mode (Z, Ey, and H,), g2(7) is then cbtained by dif-

ferentiation of g)(y). Aside from that consideration, the use of an odd function

b

for g,(y) across the slot is suggested by the nature of the transverse current
fisw in the unperturbed driving mode in the wavcguide which the sides of wvae slot
iuntercept,

b e
ii

ie form of gy(y) and g,(y) is verified by the far zore patterns shown in
graphs (1) and (2).

By hypothesis (2). the aperture distribution may be described in terms of a

finite number of resonant modcs of the form:

~~
A\
~~

Cy(x,y) = fz(x)gziy) = (Amcos%*_ Bn Sinn—TLx—)’S.lﬂ lby__
where, toc satisfy the boundary conditions,

m = odd, n = even integer

- o3

xix,yd=f{x)gly" = (;;-;cos—"-g—"-. 4+ D SIN m;!"‘cos L]

whers, by anzlogy with the solntion for a
short waveguide of length equal to the slot

depth,
n = G or even, m = odd integer

4., By Cny Dy, 8re in general complex constants

The number of dcminant modes entering into the represertation of the field

in the slct is, to be sure., a function of the siot length, For example, a siot

length of a full wavelength may be expected to suppori only modes having a full

period or less, As was roted befcie, the basic ldea in the analysis is ihat ail

other modes play a secondary pari particularly as far as the radiation pattern

is concerned,

Qégfraction Patterns:

(2)

Integration of the vector HelmholE? equations ¢ gives the foliowing far

- -
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zone fields for the case of an aperture in an infinite ground plane,

In the plane § = 0

g N

EQ:%TT? JRRJ Eyx (x,y) e“‘x Sme x dy (5)
Jk

E¢-m eJkRCOSB/E (xy)ejkxsme dy (6)

In the plane ¢ = "72

£, ik _jkR [ jky sia € o )
Eg=-"1—__ ¢ : dxd
9= SR /Ey(m) e xdy
H LD s . '
Eg=—2——€”" cos@ [, txyr % 508 gyq, (e)
2TR i :

where k = free spac¢e phase constant

Examination cf equations {3) and (€) show that since gg(y) is an odd func-
tion, the diffraction pattern for E¢ in the plane # = 0 is always equal tc zero,
Therefore, another plane is necessar& in order to obtain a pattern that is a
function of fz(x) alone, |

Figure (2) shows the system of coordinates used as an alternative,

The general expression for the Ey cecaponent, of the far zone field can be

written in the form:

_ jk )R L jklxsinotsin g +y cosoc)
Ey= 2wR ¢ S Eo Y, j Eyiny: € dxdy (9)
A .
For o constant (by keeping P and R constan,,, (9) simplifies to the form:

'kK < ll
Ey = e e cosW/ (x) eJ“ ShioC BN Y Tdx (10)-

where X is a constant ootained oy integrating 8o\ (ke

.}
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I1I, Experimental Frocedurs

Far zone paiterns were taken with the wavegulde fed aperture mcunted flush

in a 5' x 6.,6' ground plane, The receivirg horn and boiometer detector were mounted

on a rotatable U frame 5.9 feet above the ground plane, The U frame was synchro-

nized to a polar recorder,

DProha Measureme:its:

Figure (3) is a photo of the apparatus used in taking amplitudc measurements
in the slot., The probe carriage and bolometer detector assembly is isolated from
the aperture to‘the extent of 4O db, by means of polyfvaw strips sprayed with
Aquadag solution(é). The spra;-ed strips are supported ir two transverse colunms
80 ac to absorb both polarization components. The presence of the complete as-—
sembly, excspt for the probe and supporting coaxial line, was found to have no
effact on a surface probe placed in the aperturs, The apparatus thus providsed a
convenient support for the moving probe and eliminated the danger of stray pickup
at the detector assembly, while causing no distortion of the ape. ture field, The
extent of aperture fieid distoriion duc to the presence of the probe and adjacent
coaxial line remaina an unimecwn {actcr.

Of the various probes inyestiggted, the slot fed dipole was fouwid %o be thu
most satisfactory. It is the least bulky, has good pickup and symmetry, and is
the easiest to make since no balun is neceseary. .

Measurements of Ey(x) were nade with a slot fed proove of a quarter wave-
length total dipole length,.l/lé“ outer diameter doaxial line, and ,ClO® sliot
width, The short dipcie structure was necessary since Ey reverses phase at the
center of the half wavelength vwide slot, Msasurement cf.Ey(x) does not reqguire
probe symmebsy., However, extraneous pickup did alter the relative readings

when a set of readings was {zken witu the probe rotated 180 degrees. Since it

- 10 -
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was not known which of the two prooe positicns was least subject to this extraneous
pickup, it was dacided to take tws runa and to average the readin;s; The probe
was rotated 180 degrees for each run, Averaging at least guve a mean betweer the
largest and siiallest error. .

Prelininary measursments of Exk:)‘for-the cage 8 = A Wers of such a per-
plexing nature it was decided to use two different probes (a slot fed probe and a
shielded two wire line probe) in order to help clarify the type of probe errors
being encouhtered. The slot fed probe had a total dipole length of a half %ave—.
lengti, a 1/16® outside diameter coaxial line and .010" width slots. The shiélded
two wire lins probe had a quarter wavelength total dipole lemgth, and 1/32" out-
side diameter copper shielding for each half dipole lead, Neither probe displayed
ideal symmetry so the same averaging procedure was followed in making the measure-

ments for Ey(x).

Synthssis Procedurs:

Synthesis of the aperture distribution to approximate the measured aperture
field or to give a far zone field that correlates with the measurcd far zone pat-
tern is m§re ecasily done graphically, For the larger apertures, where 3 or 4
standing wave modes may be present, graphical computation is the only practical
method, Because of zrrors in measurement, the use of matrices to cbtain the
‘mode constants from expcrimental data yields unsatisfactory results,

The pattern integrals used sre shown in the appendix. Tne particular form

shown for the pattern due to the travsling wave modes is convenizant for graphical

computation,

-12 -
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IV,  Rasults ard Discussion

Best results wers obtained for Ey, on which the major part of the diacussicn
will be centered,

The half sine form of go(y) (equatione 2 and 3) integrates to give the far
zone pattern shown in graph (2). This patiern agrees to 2% with the measured pat-
terns in the plane § = 9C degrees for the entire range of dimensions investigated,
Because of the transverse dimension of the slot the experimental data serve only
to Qerify the existénce of ti:e null in gz(y) along the central line and the ampli-

tude nymmetry about che null,

B ass Traveling Wave Mode:

The two~wavelength slot, whose far zons pattern has all the appearances of a
traveling wave type of pattern was considered first, The phase and attenuation
constants were cbisined from the diffraction pattern as follows:

(a) Assume that the amplitude of the reflected wave in the slot is of
such small magnitude that it has no effect on the angls of the max-
imm of the main lobe produced by the positively traveling wave.
Bxamination of equaticu (13) in the appeadix shows that the angle

¢y at which Ew/cos ¥ is a maximum determines the phase constant
B8 by ths relations:
+ = sin X sin ¥ | (11)

B= iy

where: %% .= ratio of frs= space phase velocity to the pliase ve-
locity of the travelinrg wave ip ths slot
k = phase ncnstant cf a traveling wave in free space

sin « 1is determined by the position of the receiving horn,

Fer zll measurements, 8sin o = 875
- 13 <
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(b) Enowing the phase constant, use equation {13) to determine an
angle (- ) close to the main lobe of ths mnsgatively £raveling
wave at which E; due to the positively traveling wave is a min-
imum, Obtain the relative amplitudes of the measured E& at - ¢
and ¢« ty . The attenuationjconstanﬁlia then obtained from

tha relation:

(12)

this methzd ' a value of = 475 and an attsnuation constant o = 125
2 ,‘ A2

‘V’

nepers per cm, were obtained for the two-wavelength slot., Graph (9) sheows good

agreement botwsen celenlated and measured patterns, Once.gbtained, these same

values should hold for the shorter siots as weii. However, the best synthesis

of the far zone patterns for the shorter slots required slightly smzller phase

and attenuation constants, Good agreement with the patterns for the siot lengths
~rt

fram 7X /4L to X /2 was obtained for a %. = 5, and an o = .056 nepers per

cm, Measursd zond calculated patterns are shown in graphs (3) to (8).

(%3

4 leagths of 1.5 wavelengths or less, method {a) did not hold since
the rear lobe of the negatively traveling wave affected thg tilt angle of the
main lobs for the positively traveling wave. However, the values obtained for
the 7/l wavelangth slot alsc gave good pattern correleaticn for the shorter slots,
thus avoiding the necessi?y of making successive approximations to the unknown
hase velocity and obtaining the sttenustion constant by method (b) for each ap-
proximation until satisfactory correlation between measured and computed pattecrns
is obtained.

The aperture distribution determined by ‘hese mode constants is compared

with thc measured distributioans in graphs (11) to {14}, Hers, no agreement is

o A
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The si;anding wave mode hypothesis yields more satisfactory correlation be~
twean the' measured aperture distributions and those synthesized from the far zone
patterns, The aperture distributions arr:!.ved at are liated below in order of in-
creasing siot length. The 1,5 wavelength s2otl has a second, less likely distribu-
tion .}isted in parenthesis, It is used to illustrate the different effects prdiiuced

on the far zone and slot fields when a third mode is introduced,

Tapls I

Slot Length a in Wavelengths Siok Field Distribution fi(x)

1/2 cos Iix

L

- 190

3/k cos X . .le 39 sin 2T1x

L L
S cos Ty 5137 i 21
z /i -j29 . 2
57k : | 'cos—“: F.7618% i 2T
3/2 ‘(cos—n: +1.55¢4335 sing—-,“x )

“coS_“Lx +1.55 €13 gin 21[‘ 215877005 3Tx_
7-‘/1‘ ' cos-“l_—x—+4€j-80 sin ——ZE" +1e13 cos ——3sz
._.! ’ . .

2 cosTr—L"w'-acJ Osin &—+2e‘25€05%+.7561453inﬂx—

Phase angles are in degrees,
. The far zone and aperture fields for the above listed distributions are
comparsd to the measured far zone and aperture fields in graphs (3) to (9) and

- 18 =
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graphs (11) to (14), respsctively, The correlation is seen to be much better than

that obtained with the traveling-wavs-mode hypothssis,
The slot fiela disnribﬁtion was obtained from synthesis of the far zono pat-

.Ferns for elot'lengths from 1/2 wavilength through 5/h‘wavelength. The third
mode for the 3/2 wavelgngth alot was arrived st with séme attention being given
to the measured slot distribution, Sufficient confidence was had in the probe
readings by the time the 7/, wavelength sioi-. was inveatigated sothatit was decided
to obtair the distributions for the 7/i and 2 wavelength slots by working jointly
with both the far zone patterns and the prcbed distribution. Because of the many
modoe in the 2 wavelength slot, a solution giving gocd correlation between the

surements would have been most difficult without using

i1

peiburs and far zone mea
the two tcgether in the synthesis of the aperture field,

Each slot lengih will bs discussed briefly:

Graph (1la) shows only a correlation for the case of the half wavelength
slot, Hcwevsr, the field perturbation due to the prnsence of the probe and its
coaxial suppcrt would be expected to be large in such a small aperture, In ad-
dition, results for the larger size slots consistently sh$; a high extrarsous
probe pickup in the 1/4 wavelength region near the end of the slot. In the 1/4

wavelength region at the beginning of the slot, the extraneous pickup is con-

sistantly oniy about one fourth as high, This explains the asymmetry in the

probe readings for the half wavelongth aperture,

The 3/4 wavelength slot appears to have a small asyrmetry in the far zone ,;‘
pattern. However, the radiated energy in Ev is so low for the 3/ wavelength '
slot (as well as for the half wavelength slot) that pickup of stray reflections

from discontinuities in the ground plane and from the structure supporting

the receiving horn tendz to cloud the true pattern. The slot is tco short to

= i
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allow sufiiciently accurate probe readings in the neighborhood of the aperture to
determine the absence or presence of a second mode of excitaticn, The pattern
asymmetry was accepted for mode synthesis but the conjecture would be *thc* the
3/L wavelength slot has only a single mode, Otherwise the relative amplitude of
thie second mcda for the une wavelength slot would bz expected to be higher than
observed,

The decrease of probe erreors with increcsing slot length is illustrated in
graphs {12a) and (12b),

Graph (13a) shows that two modes give a reletively poor correlation with the
probe measurements for the 3/2 wavelengih slot, 3Better agreement is obtained by
the addéiticn of a third mede, The disparity in the data about the minirmm can be
partly attributed to extraznecus pickup, Another possible explanation for the
mediocre correlation, even with three modes, is that these readings were taken
before it was,?ecided to> average the readings from two runs, (Probe reversed
180° for second run.) Graph (7) shows the minor effsct of the third mode on the
far zone pattern,

The good correlation for the 7/L wavelength and the two.wavslength slots
can be attributed to reduced probe srrors, to the jeint utilization of both far
zone and aperture fields for obtaining the mode constants, and to an improved
technique obtained from experianse with the smaller slots, Although the far
zone pattern for the 2 wavelangtn slot could be accounted for satisfactorily by
cniy thres modes; a fourth mode was required for a satisfactory representation
of the measured aperture field distribution.

A comparison of the results obtained with the traveling wave hypothesis
and the standing wavs hyﬁothesis can only lead to the conciusion that the latter

hiypothesis is more accurate, In fact, the close correlation between the
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synthssized aperture field and that determined by probe measurements leads to the

belief that the standing wavs hypothesis holds exauctly for slot lengths between

1/2 wavelength and two wavelengths, Of course, a study of the phase characteris-

tics of the field are nosced tec substantiate this hypothesis more fully,

An estimate of the accuracy of the mode constants cbtained would be * 20%

for the amplitude constants and i 5 degrees for the relative phase values,

_~ Graph (15) shows tha phase curves for the field distributions in the 7/i wave-
length slot obtained Yy both the standing wave and the traveling wave methods,
The similarity of the curves explains why it was also po si'vle to obt#in good
pattern correlation with an assumed traveling wave msde in the aperture, The

likeness is even mores marked if the minimum amplitudes are taken as reference

points and made to coincids on the graph. The horizontal 1ines in graph i15)

indicate the traveling wave minimum at x m~.7 cm. and the standing wave minimum

at X = & ,06 em, A comparison of phase curves for the other length slots would

be expected to be equally similar. A check on the 1/2 wavelength slot shows a

travelirg wave phase variation of only -4° from x = - .8 cm. to x = O (region of
large fisid amplitude), and a phase variation of + 67 from x = 0 to X = + .8 an,
(region of small field amplitude), The standing wave phase variation is zero

for the single cosine mode in the 1/2 waveliength slot.

Ey Polarization:

Probe measurements for all siot lengths, including the 3 wavelength s .ot,

consistently show a revsrsed J iype of amplitude distribution., Pattern measure-
ments show an increasing mumber of side lobes with increasing slot length., The
large height and the pericdicity of these side lobes indicates the presence of

spuriocue radiation from the slot edges at x = - a/2 and x = + a/2,
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The three wavelength slot dispiays apsciure and far field characteristics

aimilar to those of the two wavelength and shorter apertures., Because of the

greater mumber of interference lobes and the larger rasglon over which probe mese-

gAon

urements can be made, the tnree wavelengin apsrtures is the most convenieut for
analysis of the edge field radiation. The measured fsr zone and apsrture fielda
are shown, reenactively, in Graphs (10) snd {16).

The aperiture field in Graph (16) has an appearsrcs more like a traveling
wave mode with a high attsnuallon constant rather than that of a combination of
a limited number of standine wave modes, However, the far zone field shown in
Graph (10) is obviously not a pattern due to a traveling wave plﬁs a reflected
wave mode, Expressing this measured aperture field as a summation of standing
wave unodes would require a great number of modes, Such a solution has not been
attempted since it is outside the rsalm of our finite mode hypothesis,

Since the far zone pattern cannot be obtained from the traveling wave mcde

% e ad

nypcthesis and since the aperture distribution cannot be synthesized by the finite

standing wavs mode hypothesis, a reliable sclution that gives correlation between

the aperture and far fleld msasurements is unattainable with eithsr hypothesis
alone, Having established the standing wave mode hypcthecisg for the Ey(x) aper-
ture fielde, = logical step was to attempt to express the E.(x) fields as a
superposition of standing wave modes plus high amplitude edge fields, However,
an atteampt at obtaining the form of the edge fields leads to contradictory re-
sults which, once more, minimizes the pocsibiliiy of obtaining good correlaticn
bstween the 2perture and far field measurements, Examination of Graph (16)
shows that a traveling wave with an attenuation constant of 0.9 nepers per cm,
givas a good approximsticon to the msasured edge fields, The absence of aperture

phase mcosurements leaves only far zone patternsas the means for cbtaining the

g [
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phase chaeracteriztica of the edge fields, From a mode concept, the discontinuity
presented to the dominant waveguide mode by.the aperture is expeéted to give rise
to a mummbr of highsr order evanescent modes, Whero the ap;rture length is in the
ordgr of & wav..ieugih or morc, these higher modes will be localized in the region
of the aperture edges at x = * a/2, Ths proximity of the aperture edge fislde
to these evanescent waveguide fields suggests that the edge fiele also have an
infinite phase velocity., However, an attempt at approximating the positicns of

the maxima and minima of the measured ‘' r field interf:rence lobes by assuming the

presence of esdza fields with 0.5 uepers per cm. attenuatic: =nd an infinite phase )

velocity was unsuccesaful, Reasonable agresment was found Lo require an attenua-
tion constant of 5.3 nepers per cm, But this largs valve affords no correlation
with the measured edge fields, It is unlikely that edge f!elds characterized by
a finite phase veloclty and hy the msasursd attenuation constant of 0,9 nepers
par =m, would result in a more successful synthesie of the far field patterm, so
furthar inveatigation was discontinued at this point,

Good agreement wiih the observed side lobe minima and maxima for slot lengths
from three wavelengths to one wavelength (the 3/4 and 1/2 wavelength slots have
no =ide lobes) can be obtained by approximating the fields at the edges of the

slot i:»y‘ gsourraa nf asnatont amnlituda and nhasa axtending from x = = a/2 t0 X =

-a/2+ A/8 and from x = + 8/2 to x = ¢ a/2 - A /& added to standing wave
modes, Tnhe interferwencs pattern for the three wavelength slot is shovm in graph
(10)., The maxima and minima points are sesn to agree except about the region of

the directive main besm at @ = + 35°, As mentioned previously, reasonable agree-

ment with the maxima and minima can also be obtained for an assumed evanescent
mode, of 5.3 nepers per cm, atienuation, at both slotl «dz:s., However, agreement

was heat with the step type of source and since neither gave particularly more

saiisfactory correlation with the probe readings, the step source was used.
- 20 -
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V. Conclusion

Evidence has been presented indicating that the Ey (x). aperture field, for slot
lengths from 1/2 wawslensth to two wavslengths, consists of one or morz resonant
atanding waves modes: The numbsr of modes resonating is a functicn of the slot
leagth with raspect to free space wavelength, For a slot of laﬁzth a = nh/2,
where n is an integer, n resorant modes appear, TIhie lowest ovrder moue has a half

period and the nith order.mode has n/2 pariods, Measurements have also been taken

for the three wavelength slot. Calculations are incomplete but indicaticne are that

the standing wave hypothesis still holds. The dominate mode appears tc be the
3in 3E%5rmode.

The E_(x) component of the aperture field distribution remains unclear,
solution first requires the determin;ticn cf the form of the
gion ahout the aperture edges., Fhasg measurements aré necessary to clarify the
phase Dehavior of the edge fields, ‘

The good pattern synthesis obtained for Ey(x) using the incorrect traveling
wave mode hypothesis demonstrates the unreliability of amplitude paliern syntheéis
unless correlaticn with aperture amplitude measurements is also obtained, A4s a
fﬁrther examyple, reasonable synthesis of the far field pattérns for the half wave-
length square aperture could be obtained for each of the following E,(x) aperture
distributions:

(1) A constant mode plus a half sine mode;

(2) A constant mode plus two aperturs =dgs step sources;

(3) Onliy two aperture edge step sources,

However, none of these diatributions is in good agreement witlk the measured aper-
ture field. o

Aperture lengths have not been reached at which the net Ey(x) aperture field

.
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changes from 2 summation of standing wave modes to a predominantly single travel-

ing wave mode, A conjecture would place this critical aperture length bitween

4 and 5 wavelengths,
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APYENDIX
I. Traveliing Wave Integral
’ . o xx . VG [
Given foix)=e 4 [@?vf et

where [' = refle.iion coefficiert of slot edge =< <1

' ¥

X + jpk

o = attemiation constant

i
<
<

p

)

. e o - - -
kK = <W/A = fres spacc phase constant

a -n"(p-K) = XA
Al f(x)-“ijxdx =(|_e" i - \
X 2 < : A+ ] 21T(o K)

oA _inTT{p+K)
+ I"e_"'/ o2 --Jn’T(D K)( % Jn & \(13)
?\+J2T|'(p+y\) )

'ru obtain my( V ) by equation (10) of section II
set K = 8in & =in ¢

F.y( ¥ ), the receiving horn is positioned at sin &

For all measurements of

= .875. Simplificatiocn of equation (13) is unnecessary since it is the most con-

vient form for graphicsl computatior.

Ii., Standing Wave integrals

. For ag slot of length a = nA/2, supporting the nth cosine or sine modes
B

Il ofMTx ) ikKx o —K mTT KnTI
_a n : J
2 Kn'ﬂ'\
+ M sin \T‘ cos (=
(- 5_] 14)
- 39 -

= ratio of free space to traveling wave phase veiocities
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where K = sin @ for patie:ns in the planes @ . 0° and ¢ = 90°.

III. Interference Pa.t‘bern from Slot Edyre Sc..ces

-

The slot extends from x=0tox:a= nA’2, The sources have Fx polar-

izavion and have the folliowlng step form:

E(x)
Ex(x) =0 fora- A/2> x > A/g

1 for A\B82x20

Ex(x) =4 el for a > x> a=- N3 ‘
where A 1a 2 rozl constant
d is a constant phasa angle

Thst, in the plans # : 0%, and for Ex(y) = cos —“:1- s equation (%) in section

It 3

IT gives
. ] g g . rﬂ i—‘
- J. -3RR g S J UK %) 12K |7~ 7]
|e)= 5 ¢ — 8 e 8 (l+he "€ 160
-6 32R WK ( (16}
8
wher> X = sin &
For the specitic case of a = n)\/z 23X {( n=4;, the relative phass PRE v
Yy
. . 'J L]
angle d was cbtained from ihe first positivs maxima in tigure (10} by the
equation:
) ~ ." | fn e :
d + 20 stn &5 {-— -?)=0 4 17) %
- . tH

where @ = 5.9°,

By (17 dJ is fsund = -12:°, A 1s aruvitrarily chosen equai to .4 givirg co’nci-

dence with tne measurcd masdimum and minimen &b, respectively, # « -13° 'nd @ .
- 40 -
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